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The extinct oyster Exogyra (Ostreoida: Gryphaeidae) thrived during the 
Cretaceous Period. The Genus was especially abundant in the southern parts of the 
United States, as these areas were once covered under a shallow sea. Left (lower) valves
of the species Exogyra costata (Say, 1820), show different variations of the shells 
including differences in size and scarring of the scar remaining from the point of 
substrate attachment. The scars are often created by attaching to another organism, 
leaving an impression of it via a process called bioimmuration. This research analyses
specimens from three sites within two different geological formations (Owl Creek
Formation, Prairie Bluff Formation). Statistical analysis of attachment frequencies of 
collected specimens, as well as the analysis of the overall substrate availability reveals 
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Most species of the oyster Exogyra flourished during the Late Cretaceous in 
various parts of the globe (Dietl, et al., 2000). An abundance of oyster species can be 
found in Cretaceous and Paleocene sediments in the United States (Dietl, 2002), 
particularly in Mississippi. These species are of great biostratigraphic significance as they 
reveal data about the environments in which they once thrived (Jaitly, et al., 2001).
Exogyra shells are composed of calcium carbonate, which the organisms 
precipitate out of the water (Glawe, et al., 2011). Since a shallow sea retreated from great
parts of the southern United States during the Cretaceous Period (Dietl, et al., 2000), 
fossils of marine creatures have eroded from the fossiliferous sediments deposited. The 
study areas for this research are located in northeast Mississippi, the only location in the 
state where Cretaceous deposits are exposed at the surface.
One of the most abundant and conspicuous fossils in the study area is Exogyra. 
The fossilized shells of these organisms show numerous variations in shell size, structure,
and surface features. The shell size can be correlated to the age of the organism and at
which growth stage it was in at the time of its death. The overall size of the shell depends 
















   
     






efficiency changes with the water quality in terms of volume of suspended sediment 
(Colden & Lipcius, 2015).
The identification of the mentioned shell irregularities could have also been 
caused by means of attachment irregularities, by means of predation (Dietl, et al., 2000), 
or through sediment loads suspended in the water. Bivalves and other mollusks possess 
the ability to overcome failed predation attempts by repairing the shell. This process 
leaves a scar on the valve, which can be analyzed and often traced back to the organism
that caused this scarring (Mondal, et al., 2014). 
Once attached, the oyster adapts to and overgrows the substrate. When this 
process involves the overgrowth and partial preservation of another organism it is termed 
bioimmuration. Bioimmuration leaves an external mold of the substrate, or bioimmured,
organism on the shell of the overgrowing organism, in this case Exogyra. This imprint is
often referred to as “scar”.
Research Objectives
The goal of this research is to compare the study areas Owl Creek and Prairie 
Bluff formations with regard to certain aspects of the paleoenvironment and population 
characteristics of Exogyra. Specifically, shell size and phenotypic surface features are 
examined, as well as associated fauna. Furthermore, lithologies will be analyzed and 
compared, focusing on grain size, structural features, and mineralogical composition. 
Lastly, attachment scars will be examined in detail and characterized in order to 
determine what organisms are represented in the impressions of the scar. Then, shells and 




    
 
   
 
 
   
   
 
 
    
   
      










research seeks to detect whether variations exist in populations of Exogyra between the
two geographically disparate localities within the Prairie Bluff Formation and how they 
in turn compare to a population in the Owl Creek Formation.
Hypotheses
The expected outcomes of this research are to investigate a possible correlation 
between certain morphometric features of Exogyra shells that are related to attachment 
and bioimmuration, as well as the correlation of lithological features of the Prairie Bluff 
chalk and the Owl Creek Formation. 
If the study sites show differing patterns in shell size as it relates to degree and 
type of bioimmuration, then these patterns will lead to proposals on what may be the 
cause of these differences in shell features. It can be inferred if these oysters preferred a 
certain type of organism to attach to, or what other substrate might be preferred.
Additionally, the shell size will possibly lead to conclusions on environmental 
influences that hindered the growth of Exogyra in certain areas. 
The results will suggest what the seafloor in those areas might have looked like 
during the Cretaceous Period and what environmental factors influenced the faunal 
activity.
The research will lead to the creation of a database that can be implemented into 
GIS (Geographic Information Systems) software that will be a potential asset for further


















This thesis focuses on the Upper Cretaceous of northeastern Mississippi. The term
Cretaceous is derived from the Latin word cretaceum (creta=chalk) and refers to the 
chalky sediments of this time of deposition. In German, the term “Kreidezeit” 
(translation: period of chalk) is used to describe the Cretaceous. Upper Cretaceous (~100 
– 66 Ma) sediments in northeastern Mississippi are divided into, in increasing age, the 
Selma Group, the Tombigbee Sand, the Eutaw Formation, and the Tuscaloosa Formation. 
This research specifically focuses on the Owl Creek Formation and the Prairie Bluff 
Chalk, which constitute the uppermost and thus the youngest formations of the Selma 
Group. In terms of correlation to the type sections of Western Europe, these youngest 
Cretaceous formations are upper Maastrichtian.
Lithology
The lithology of northeastern Mississippi is very diverse and consists mainly of 
Cretaceous and Paleocene sediments. Since this study focuses on Upper Cretaceous 











    
 
    
 
 
    
    
   
 
 
    
 
Selma Group
The Selma Group, also called the Selma Chalk due to its dominant lithology 
consists of Cretaceous sediments and is around 800 feet (244 meters) thick in Oktibbeha 
County, Mississippi (Crider, 1906). It thins northward and then pinches out near Camden,
Tennessee. The Selma Group includes from youngest to oldest: The Prairie Bluff / Owl 
Creek Formations, the Ripley Formation, the Demopolis Formation (Chalk), the Coffee
Sand, and the Mooreville Formation/Chalk. Although often referred to as “chalk” in the 
older literature, the Selma Group Selma Group carbonates are more of a “dirty chalk,” or
marl. The Selma Group records three major marine transgressions (Mancini, et al., 1995).
The chalk facies in the southern and central portions of the Cretaceous belt in Mississippi 
grade into clastic shoreline facies in moving north toward the Tennessee line. 
Prairie Bluff / Owl Creek
The Prairie Bluff and the Owl Creek formations exhibit a somewhat similar 
lithology, although there are noteworthy differences. Both units uncomfortably overlie
the Ripley Formation (Stephenson, 1937), and similar, or equal, types of well-preserved 
fauna can be found therein. 
The Prairie Bluff Formation, or Prairie Bluff Chalk, is primarily made up of 
carbonate sediments and was first recognized as a formation by Stephenson and Monroe 
(1937). It is rich in fossils as described by Berquist (1943), who focused on the Clay 
County area. The Prairie Bluff has been successfully analyzed as a potential source for 


















   
 
 
especially on and around the campus of Mississippi State University in Oktibbeha 
County, making it an ideal source for geological research. 
The lower part of the formation is characterized by coarse-grained, angular sands, 
which changes northward into fine-grained sands and chalky clays, visible in the
Houston, Mississippi area (Stephenson and Monroe, 1937).
The Prairie Bluff Chalk grades into the Owl Creek Formation in Union and 
Pontotoc Counties. Its sediments are comparable to the strata of the lower lying Ripley
Formation. It was defined as the “Owl Creek Tongue” of the Ripley Formation (Wade, 
1926), but Stephenson and Monroe (1937) raised this unit to the rank of formation, based 
on an unconformity that clearly separates the Owl Creek from the main body of the 
Ripley Formation. In addition, Stephenson and Monroe (1937) proposed to differentiate 
the Owl Creek and the Prairie Bluff merely by their individual chalk content. Compared 
to the Praire Bluff, the Owl Creek Formation is not dominated by chalk, but rather
consists of argillaceous, glauconitic, and micaceous sands (Stephenson, 1955).
Study Sites
Three localities were visited as part of this research. Two sites include strata from
the Prairie Bluff Formation and one site includes strata from the Owl Creek Formation.
Owl Creek
The Owl Creek (OC) locality is located in Union County, near Ripley, 





   
 
 
     
   
 
Figure 2.1 Outcrop of the Owl Creek Formation near Ripley, Mississippi. Stadia rod is 
set at 4m.
Here, the Owl Creek Unit is characterized by its dark grey, fine-grained clays. It 
crops out due to a creek cut bank that has eroded sediments and exposed around 6 meters 
of the Owl Creek at its thickest point. Most shells are found in the walls in the bottom of












   
Figure 2.2 Exogyra shell encompassed in outcrop of the Owl Creek Formation near 
Ripley, Mississippi.
Although it is currently unknown where exactly the unit crops out in terms of the 
level in the unit the specimens were collected, one can assume that it is located at least a 
few meters above the Ripley Formation at Owl Creek.
Prairie Bluff Landfill
The Prairie Bluff Landfill (PBL) locality is located in Chickasaw County, north of 














Figure 2.3 Prairie Bluff Landfill locality near Houston, MS. Visible K/Pg boundary 
with Upper Cretaceous Prairie Bluff Unit (grey) below.
Here, the unit is characterized by grey to dark-grey, chalky sediments and shows 
an abundance of Exogyra costata shells. The fossils are partly found in the outcrop walls, 
but a great number of specimens has been washed down to the bottom of the landfill and 
can be collected without much effort.
It is currently unknown where exactly in the unit the Prairie Bluff Landfill site is 
located but the assumption is that it is part of the same interval as the Owl Creek locality. 
Both localities show similar characteristics to the maximum flooding surface (MFS) of 

















The Prairie Bluff Pointe (PBP) locality is located near the Pointe apartments in 
Starkville, Mississippi, in Oktibbeha County (Figure 2.4, Coordinates: 33°27’04.8” N    
88°46’38.6” W).
Figure 2.4 Collecting samples at the Prairie Bluff Pointe locality in Starkville, 
Mississippi.
Here, the unit is comprised of fine-grained, grey to brown sediments. The Cretaceous 
sediments are mixed with modern soil that gets washed out from above. Most specimens 
are exposed on the surface and the unit dips slightly westward. 
The Starkville locality represents the base of the Prairie Bluff Formation.
Ecology of Modern Oysters
The detailed study of modern bivalves aids in understanding the paleoecology of























record, we can recreate the environments and behavioral patterns of extinct organisms.
Therefore, it is important to study and understand modern bivalves before attempting to 
approach any research on their common ancestors.
Morphology
Oysters are composed of two different parts: an outter, protective, skeletal shell
and the soft viscera inside the shell. The covering of the shell is composed primarily of 
calcium carbonate (CaCO3). The shell consists of five different layers: the outer 
periostracum, the prismatic layer, the inner ostracum, a thin layer under the attachment of 
the hypostracum, and the inner mother-of-pearl (nacreous) layer (Kilgen & Dugas, 1989). 
Most bivalves, including the familiar modern oyster Crassostrea, are nearly bilaterally 
symmetrical, with the plane of symmetry passing between the two valves parallel to their 
surfaces (Galtsoff, 1964). The valves are joined together at the hinge line by a robust
ligament. Many fossil species, including gryphaeid oysters like Exogyra do not exhibit
symmetry between the valves.
Anatomy
Oysters respire through gills which, extract oxygen from passing water and 
release carbon dioxide. The gills are also responsible for trapping plankton, from where 
the food is transported to the mouth for further digestion (Shaw & Battle, 1957). 

















   
 
Life Cycle
Modern oysters inhabit coastal areas including bays, estuaries, and tidal zones. 
They generally live in colonies and often cover extensive areas of the bottom of their
habitat. These densely populated areas are referred to as oyster beds, or oyster reefs. 
These reefs are built through the attachment of oyster larvae to the substrate, or adult 
oysters. Oysters are hermaphroditic, and the spawning is triggered by temperature 
changes of the water. Sperm and eggs are released into the water column. The fertilized 
egg then develops into a planktonic larva. After a few weeks, it transforms into a form,
termed as “pediveliger”, that is better suited for attachment. The pediveliger consists of 
two valves, and a long, pointed foot. This foot acts as a sensory organ and after the 
pediveliger settles to the bottom, the foot grazes along the substrate looking for a suitable 
spot to settle down. Larvae are around 290µm in size (length) when they settle on an 
attachment surface (Luckenbach, Mann, & Wesson, 1999). After attachment, the larva 
starts the metamorphosis process and transforms into a bivalve oyster. Studies describe 
the environmental cues that trigger settlement, cementation, and metamorphosis (Coon, 
Fitt, & Bonar, 1990). These stages are controlled by environmental factors such as 
temperature, exposure to certain chemicals, and bacterial films secreted by the oyster. 
The attached oyster larva is referred to as “spat” and usually measures less than 24mm
across its surface.
The animal attaches its left (larger) valve to the substrate, exposing the opening 
between the left and the right valve to the water current. It takes 18-24 months for the 





















water quality, salinity of the water, and water temperature. Studies show that spats tend to 
settle in close proximity to conspecific adults (Tamburri, et al., 2007). 
Feeding and Shell Composition
Bivalve oysters are filter feeders, meaning they filter nutrition in form of plankton 
and other organic material from the environment. The main nutrients significant for the 
oyster are nitrates, detritus, plankton, phosphates, and other dissolved organic matter.
The oyster shell is primarily composed of calcium carbonate, which composes
95% of the weight of the shell (Galtsoff, 1964). According to Galtsoff (1964), the 
chemical composition is made up of magnesium carbonate, calcium sulfate, silica, salts
of manganese, iron, aluminum, traces of heavy metals, and organic matter.
The shell grows by accretion of material secreted at the shell edges. This creates a 
representation of the shell’s contours at different age stages (Galtsoff, 1964). The growth 
lines, or rings, radiate outwards from a common point of origin, which is the very dorsal 
side at the beginning of the umbo (see Appendix A, Figure A. 2).
Evolution of Cretaceous Oysters
The evolution of oysters has been thoroughly researched and debated over the 
past century. Numerous attemps have been made to create phylogenetic schemes dating 
back to 1919 (Abdelhady & Elewa, 2010). The very first approach to organize the 





   
 
   
 
 
Figure 2.5 Phylogeny tree of Exogyra species in Texas as proposed by Böse (1919).
More recent research (Malchus, 1990) suggests a different phylogeny that is based 
morphological and microstructure of the organisms (Abdelhady & Elewa, 2010) and 









Figure 2.6 Phylogeny of exogyrine oysters proposed by Malchus (1990).
Other researchers based their work on current phylogenies and implemented their 
own interpretations (Checa, et al., 2006) A thorough description of the history on the 





















The most abundant Upper Cretaceous oysters found in the study areas are
Exogyra costata, Exogyra ponderosa, Exogyra cancellata, and Pycnodonte spp.
Exogyra
Exogyra is a genus of extinct bivalve mollusk which lived in shallow marine 
environments through the Jurassic and Cretaceous periods. Along with Pycnodonte, 
Exogyra was the most common bivalve of the Cretaceous Period.
Morphology
Adult specimens are characterized by a very thick, spirally twisted (helical) shell. 
Since the soft parts have not been preserved, the focus of this study only relies on the 
preserved shells of the fossilized individuals. The oyster’s viscera were covered by two 
valves, referred to as left and right valve (see Appendix, Figure A.3). In Exogyra, the left 
valve is significantly larger than the right valve (approximate ratio 1:4), and displays
convexity compared to the planar right valve. The valves were once joined by a ligament 
along the hinge line. The narrow, elevated end of the left valve is referred to as the umbo 
(or beak). The organism attached its left valve to the substrate and opened the right






   














Since Exogyra is extinct, only assumptions on the soft anatomy of this bivalve can 
be made. Even though the viscera of bivalve mollusks are not preserved in the fossil
record, one can assume that the anatomy was very similar to that of modern bivalves. It is 
highly likely that Exogyra exhibited the same organs and body plan as modern oysters, 
Order Ostreidae. This includes gills, a three-chambered heart, and mantle.
Environment and Behavior
Similar to modern oysters, Exogyra once lived in larger groups referred to as reefs 
or beds. Oyster reefs of the Cretaceous were most likely home to many marine species 
and part of a sensitive ecosystem. Unfortunately, many species that lived among oysters
during that time have either not been preserved well or have not been preserved at all. 
The fossilized remains that can be found at outcrops today are usually just a fraction of 
the diversity of organisms that once thrived on the seafloor. The death assemblages 
became reworked and were buried, moved around, and exposed to weathering and as a 
result do not fully represent what the environment once looked like. 
Bioimmuration
Bioimmuration is the process where one organism is partially or entirely 
overgrown by another, hard-bodied organism. Fossils that have been bioimmured exhibit 
















   
 





cases as external molds. This imprint on the overgrowing organisms shell is referred to as 
“scar” or “attachment scar”. 
According to Taylor (1990) three types of bioimmuration can be distinguished: 
substratum bioimmuration, epibiont bioimmuration, and bioclaustration. Substratum
bioimmuration occurs as a consequence of an accumulation of unwanted material (biotic) 
on the substrate (e.g. ocean floor). This includes living organisms, as well as dead 
organisms at the time of deposition. 
Epibiont bioimmuriation results from lack of living space for different organisms. 
In other words, one organism overgrows another organism that is sharing the same 
substrate. Epibiont bioimmuration includes the overgrowth of living, as well as the 
remains of dead organisms. Spatial competition is common among encrusters and 
physical and chemical methods are used by living encrusters to ensure successful 
overgrowth, as well as defend against it (Taylor, 1990). 
Palmer and Wilson (1988) first introduced the term bioclaustration and described 
the process embedment of a soft-bodied infesting organism in another living host
organism. This results in a pseudoboring, often mistaken for a true boring (Taylor, 1990). 
Most cases of bioimmuration are fossils that show external molds of other 
organisms. These “scars” are usually not visible until the overgrowing organism
detaches. Taylor (1990) stated that “if the substratum is perishable, detachment can occur
before burial or shortly afterwards; if it is aragonitic, detachment often follows diagenetic 
shell dissolution” (p.2). Dissolution can be observed especially in oysters when they 










    
   
 
 
Bioimmuration is a gradual process and occurs over an extended period of time. 
The rate at which an organism overgrows another depends on the growth rate of the 
organism itself. Erect organisms are usually pushed over during overgrowth and become 
wedged in between the substrate and the bioimmuring organism. For example, fossilized 
remains of the Cretaceous colonial cnidarian of the Order Pennatulacea are often found 
bioimmured by oysters such as Exogyra, which attached itself as a larva and simply 
became too heavy at a more advanced age, causing the sea pen to collapse under the 
weight.
Identification of Scars
Measuring and identifying scars caused by attachment and resulting
bioimmuration can be a challenging task. In some cases, the bioimmured organism will
not leave a scar that perfectly resembles its body shape. Over time, the remains of the
bioimmuring species are exposed to geological processes such as erosion and burial. This 
can lead to partial or complete loss of the original shape of the scar due to weathering, 
overgrowth, or cementation.  
Previous research has been conducted on the process of bioimmuration, analyzing 
different organisms. Todd (1994) researched the role of bioimmuration in the 
preservation of bryozoans, more specifically of ctenostomates. He concluded that 
bioimmuration preserves certain features in such detail that identifications of certain 







   
     
    
 
Harper (1992) explained the chemical processes of post-larval cementation of 
ostreidae and how these organisms manage to attach themselves to other organisms 
through bioimmuration.
Bioimmured Organisms
The organisms that were responsible for many scars or imprints on Cretaceous 
oyster shells range from small animals, e.g. from the family Virgulariidae, to larger 
organisms such as Pinnidae (Clams). For a more detailed description of the major



















The methods for this research included the collection of specimens at three 
different sites, the preparation of the specimens for further analysis, the measurement of 
each individual specimen, describing and cataloguing morphological features, identifying 
the type of scar on the shell (if any present) and what caused it, measuring the dimension 
of each scar and comparing it to the overall size of the specimen, photographing of 
individuals that show specific features, and finally analyzing the data and drawing 
conclusions. No specific number of specimens was required to be collected, although the 
goal was to collect at least 40 samples from each site with the intention of creating a 
statistically significant sample size.
Most of the laboratory work was conducted at the paleontology lab at the 
Mississippi Museum of Natural Science in Jackson, MS, provided by George Phillips, 
Paleontology Curator.
Field Work
The field work conducted at the three collecting sites (Table 3.1) generally 
followed the same approach for each location. The targeted specimens were remains of 
the bivalve mollusk Exogyra as well as organisms that caused deformations on the shells 









    
 
    
     






the valve. Heavily fragmented shells were only collected if they showed specific features,
that promised to be of value for this research. Another criterion was the degree and type 
of deformation of the valve. Any type of scarring or deformation of the shell, especially 
at the place of attachment (usually at the umbo region) was a desirable trait. To minimize
any bias, specimens of various sizes were collected at the sites, not targeting any specific 
size or size ranges. In general, only left valves were collected, unless the bivalve was still 
articulated. To be collected, the right valve would have had to have shown a specific 
feature that was indispensable for the research, which was not the case.
Table 3.1 Research locations and their Abbreviations
Location Coordinates Formation Abbreviation
New Albany, 
MS
34°44’55.4” N   88°54’45.0” W Owl Creek OC
Houston, MS 33°58’02.1” N   89°00’07.2” W Prairie Bluff PBL
Starkville, MS 33°27’04.8” N   88°46’38.6” W Prairie Bluff PBP
At the PBP location, most specimens were exposed horizontally and picked up by 
hand off the surface, wrapped in plastic bags or other cushioning material in order to 
prevent damage, and then stored in labeled cardboard boxes or plastic buckets. Some 
specimens had to be pulled out of the sediment but were easily removable without tools 
and at least partially sticking out of the substrate. A total of 40 specimens was collected 
from this location.
At the PBL location, most specimens were also exposed at the surface. However,
the clay-sized sediment was more consolidated, meaning it was more difficult to pull 
specimens out of the matrix. Nevertheless, in most cases the specimens could be easily 





   
   









   
 
or wrapped and stored in boxes and buckets. The terrain was a little more difficult to 
explore, as the site is a sanitary landfill and recycling center and recent rainfall created a 
quite muddy and wet environment. A total of 67 specimens were collected from this site.
The OC location was situated along a small, mostly shallow creek bed and the 
majority of specimens were collected from a vertical outcrop (wall) along the banks of 
the creek. Some fossils had been washed out and deposited on the creek bed and could be 
easily removed from the water. The sediment along the outcrops proved to be much 
harder and more consolidated than at the other two sites. Specimens were stuck in the 
wall and had to be removed with the help of a rock hammer. Sediment was carefully 
removed around the shell(s) with the hammer, exposing enough of the organism so that it 
could easily be removed by hand without any further damage. Shells were bagged or 
wrapped in soft material and then stored in boxes. A total of 59 specimens were collected 
from this locality.
Preparation of Specimens
To prepare the shells for further analysis, they were cleaned and, if possible, any
extra sediment was removed. For this purpose, the samples were brought to the 
paleontology laboratory of the Mississippi Museum of Natural Science in Jackson, MS. 
There, they were unpacked and soaked in containers filled with warm soapy (Dawn)
water. After a few minutes of initial soaking, the specimens were removed one by one
and scrubbed with toothbrushes of different degrees of hardness. If sediment that covered 
specific areas of interest could not be removed with a toothbrush, a dental tool was used 










   





remove unwanted material. If this was the case, then the individual specimen was soaked 
for a longer period of time, usually overnight. After this extended time of soaking, the
material usually became loose was easier to remove. In a few cases, the extended soaking 
time did not aid in removing the material. Those specimens were then soaked numerous 
times and over several days in order to get rid of the excess material. With a few number 
of specimens even the multiple soaking attempts did not loosen any of the material. In 
those cases, no further attempts of removing the sediment on the specimens were made. 
After the soaking and cleaning process, the specimens were roughly sorted by size 
and laid out on paper to dry. Individuals collected from the same site were kept together 
and each locality was separated by dividers and labeled by place of origin to avoid 
mixing up the specimens collected within a site. The samples then were left to dry for 
several days (see Appendix A, Figure A. 5). 
After the drying process was completed, each specimen was labeled with a very 
fine permanent marker. In general, one label was placed on the interior of the shell (if
possible), and one was placed on the exterior of the shell. The samples were labeled twice
in case one label was smudged or became illegible for any reason. The label consists of 
the initials of the study site, followed by the number of the specimen.
Examples: Owl Creek locality,  OC-01
Prairie Bluff Landfill,  PBL-42 
Measurements
After the preparation process, each individual specimen was measured using the





     
 
 
   
 
 
   
  
    
  
  
           
 
  
   
   
  
maximum length, maximum depth, scar width, and scar length. The measurements were 
then noted in a table (see Appendix B, Table B.1).
The maximum breadth was measured with a caliper and had to be estimated for 
some samples as they were either too fragmented or too weathered. These estimated 
values were italicized in Table B.1 to mark them as such. 
The maximum length was measured with a solid ruler, as well as a bendable ruler. 
If the sample was too weathered or too fragmented, the length had to be estimated. This 
was done by laying the fossil on the solid ruler, and then bending the second ruler around 
the shell in a way that would simulate how long the shell would have been if still 
complete. Again, italicized values indicate estimations in Appendix B, Table B.1.
Descriptions
After the measuring process, each individual was described focusing on morphological 
features, especially the attachment scars on the shell. The following descriptive 
terminology (Table 3.2) was used in the data table:
Scar = impression on shell
Linear = the scar follows a linear pattern such as a straight line
Topographic = the scar does not equal any geometrical shape
Overgrown = completely or partly overgrown such that the scar is hidden or 
obliterated
Chaotic = complex and overgrown scar, difficult to impossible to identify
Amorphous = lacking a clearly defined shape or form






   
  
  
















   
 
 
          
 
 





Large = size of scar in relation to overall size of shell
Small = size in relation to overall size of shell
Resolution = degree of weathering of edges and relief of scar
External = top or convex surface of valve
Internal = concave surface of the valve (underside)









After measuring and describing the shells, the individual scars were analyzed to 














identification of the organism the oyster was attaching to was done by referring to the 
Sohl and Koch (1983) data table (Appendix B, Table B.2) of described mollusks of the 
study areas, by referring to non-mollusk data provided by George Phillips, Paleontology 
Curator at the Mississippi Museum of Natural Science (MMNS), and by comparing 
fossils of other organisms collected from the sites to the impressions on the shells. 
In order to correctly identify scars on the collected shells, a number of techniques 
were implemented. Based on current knowledge of what organisms lived in Creteaceous 
shallow waters in the studied formations, specimens from the collection of the 
Mississippi Museum of Natural Science in Jackson, Mississippi, were used to aid in 
identifying the bioimmured organism. Scars caused by the oyster attaching to Turritella
shells where identified by comparing them to photographs in current literature and using 
data from previously conducted research (Sohl & Koch, 1983). Another indicator of 
Turritella’s imprint in the oyster shell is the presence of fractured shell remains of this 














    
  
Figure 3.1 Typical Turritella shell (white) with visible steinkern (dark).
This is indicative of an aragonitic shell that is much less stable and does not 
preserve well over time. Once unearthed, the fossils usually fall apart and break instantly. 
Turritella, as well as the bivalve mollusk Gervilliopsis are the only two organisms that 
left aragonitic shell remains behind on the oysters analyzed for this research.
In certain cases, specimens were visually analyzed under a microscope and 
compared with specimens from the museum collection that showed similar scars from
already identified species. In other cases, molds were made by gently pressing colored 
clay onto the impression and slowly pulling it off (Figure 3.2). These molds often made it
easier to identify certain scars, as they showed a different contrast and a more clearly














Figure 3.2 Cast of attachment scar of Turritella shell made with colored clay.
The Paleobiology Database was accessed through “Fossilworks” as a reference 
for the nomenclature of the organisms. The identification was split into Phylum, Class,
Order, Family, Genus, and Species (if applicable). Identifications were based on the 
completeness and resolution of each scar and indisputable identifications down to the 
species or even genus level could not be made confidently for every specimen.
Photographs
Photographs of individual specimen were taken with the aid of a Cannon EOS Rebel T6i 
DSLR camera with a Tamron Auto Focus 60mm f/2 aperture macro lens, which was 












and then photographed from several angles and magnifications if necessary. Pictures
were also taken of the laboratory and the sample collection in its entirety. Additionally, 
images of the molds created from a number of scars were also taken for referencing 
purposes. The pictures were then loaded onto a computer for further processing.
Figure 3.3 Camera used for photographs, mounted on a copy stand in the laboratory of































   
 
   
 
 
Not every sample was photographed as this was not necessary for the scope of this
research.
The following criteria for taking photographs were implemented:
Completeness of scar: little to no erosion of the scar-high resolution of 
scar
Type of scar: goal of obtaining a representative example image of 
the scars caused by each of the identified organisms 
Completeness of fossil: at least one image of an Exogyra shell from each 
locality that is most complete in terms of
weathering (high resolution), and at least one image 
from a sample of Exogyra from each locality 
showing the degree of weathering (low resolution)
Size of fossil: at least one image of the smallest valve of Exogyra
collected from each site, and at least one image of 
the largest valve of Exogyra collected from each 
site
Bioimmured sample: one image of the fossilized remains of each 
identified bioimmured organism from each study 
area, pulled from the collection of the MMNS
Scar characteristics: image(s) of a scar(s) showing a special type of 
characteristic, e.g. the aragonitic remains of a 
Turritella shell still embedded into the scar itself 
Irregularities of sample: Oyster shells or scars showing uncharacteristic
features, e.g. abnormal size, unidentified 
abnormality, amorphous scar
Exogyra on Exogyra: image of two or several Exogyra cemented together 





















Average Shell Sizes 
OC PBL PBP 
N=53 N=69 N=78 









   
     
     
     





All the 200 collected specimens were fossilized remains of the genus Exogyra. 
The shells varied in size from the smallest being 17.0mm x 15.7mm (maximum length x 
maximum width) and the largest being 212.0mm x 115.8mm. The average sizes for each 
location are recorded in Table 4.1 and illustrated in Figure 4.1:
Table 4.1 Calculated averages of shell size for each study area.
Location: Number of Specimens: Breadth: Length: Width:
OC 53 61.0mm 112.6mm 88.5mm
PBL 69 40.8mm 66.7mm 60.2mm
















   
The valves show various degrees of weathering and overgrowth, ranging from
slightly weathered/overgrown to intensively weathered/overgrown. For a several shells, 
the overall length, as well as the maximum breadth, had to be estimated due to the degree 
of fracture of the shell and the degree of weathering. 
Although the majority of specimens are disarticulated, meaning that only the left 
valve is present, some of the shells are still articulated with both valves being still 
attached to each other. In either case, this does not create any type of bias for this 
research, as only left valves were analyzed for bioimmuration. This is due to the fact that
Exogyra, just like most oysters, attached itself onto the substrate with its left valve, 
specifically near the umbo region. Therefore, no scarring from bioimmuration processes 
should be found on the right valve.
Scars
The scars on the shells vary in size and type. To create a ratio between the actual 
shell size and the size of the scar, the overall area of the shell and the surface area of the 
scar was determined. Shells were measured across from the tip of the umbo to the very 
extent of the opposite end of the shell margin (Figure A.2, Appendix A), and 
perpendicular to the angle of the first measurement. The calculations of the surface areas 
are therefore close estimates, as the shells and the scars are treated as rectangles in terms 
of geometry. However, this does not create any bias for this research, as an estimated 
ratio will be sufficient to compare shell surface area versus scar surface area. For the 





   
   
 








The major taxa of identified bioimmured organisms of the study areas include:
Turritella (Conrad, 1858), Gervilliopsis (Whitfield, 1886), Pinna (Conrad, 1858), 
Pycnodonte (Waldheim, 1835), Virgularia (“sea-pen”), Trachycardyum (Linnaeus, 
1758), Cucullaea (Idonearca) (Conrad, 1858), and Pyropsis (Conrad, 1858).
Others include: serpulids (annelid worms), echinoid spines (sea urchins), bryozoans, 
cephalopods, other gastropods (sea snails), and other bivalves (see Figure 4.2). 
Attachment Frequencies
Several organisms of various genera were found to have been bioimmured by the
collected Exogyra specimens. A great number of species can be found within the Owl 
Creek and Prairie Bluff formations. For a complete percent distribution of each organism







































































Each organism that was found to be bioimmured by Exogyra costata and their 
distribution over each locality, including the data collected by George Phillips, MMNS.






    













Of the determinable substrates, the majority of the Exogyra were attached to their 
own kind, sometimes as clusters. When compared to “reefing” oyster species, like those 
of modern estuaries, Exogyra exhibited similar colonial patterns but instead their 
aggregations were biostromal, consisting of more subdued, bedded accumulations of 
proportionally fewer individuals cemented to one another, i.e. less than that observed in 
modern oyster mounds. Noticeably, the percentage of oysters attached to each other is
higher in the Prairie Bluff Formation (80%) than in the Owl Creek Formation (20%). 
Most attachments were observed to be on the exterior of the left valve of other Exogyra, 
although there were a few instances of attachment to right valves, and attachment to the 
interior of a left valve was observed in only one sample. It seems that there is no 
preference of attachment to a certain size of substrate, as the attachment included a wide 
range of sizes. Many of the indeterminable or unidentified large scars may have been 
cause by other Exogyra, as the attached individual overgrew the substrate valve, 
overwhelming and squeezing the latter as it becomes increasingly massive in size. This 
could be explained by the slightly different lithologies of the two formations, as the 
Prairie Bluff shows a higher chalk content, but this is highly speculative. The attached 
specimens preferred to attach themselves to the right side of the left valve (see Appendix 
A, Figure A.1, H, I, and K) of the other Exogyra shell.
Pinna laqueata (Figure 4.3) was only found to be attached to twice within the 
entire sample: Once in the OC locality, and once in the PBL locality. It is completely 




     
    
 





relatively small compared to the total number of fossils present at these sites. Overall, 
Exogyra did not attach to Pinna laqueata very frequently.
Figure 4.3 Pinna laqueata drawing proposed by Whitfield (1886)
Gervilliopsis is found as attachment scars quite frequently throughout the OC and 
PBL localities but is completely absent at the PBP site (Figure 4.3, Figure 4.4). A total of 








     
   




   
Figure 4.4 Gervilliopsis shell with clay mold (MMNS specimen 2018-02-14 14-30-48 
(C) = MMNS 5623.1 (top), 5623.5 (center) Gervilliopsis ensiformis)
Figure 4.5 Exogyra costata attached to a Gervilliopsis valve.
Left: Exogyra costata shell showing attachment scar; Right: bioimmured organism
attached to the same Exogyra costata shell.
Turritella scars have a frequency of 46% in the OC location, 31% in the PBL 
location, and 23% at the PBP site and is therefore the second most evenly distributed 













Figure 4.6 Example of a bioimmured Turitella shell of the Owl Creek Formation. For 
more images of examples of bioimmured organisms refer to Appendix, 
Figure A.6.
Pycnodonte was absent in the OC location and shows a 67% frequency at the PBP 
site and a 33% frequency at the PBL site (Figure 4.6).
Only one Pyropsis (steinkern) could be identified and it was located at the PBP 
location.
The same is the case for the identified Trachycardium, with the exception that it















Figure 4.7 Small Exogyra costata (left) with attachment scar from Trachycardium
(right). Trachycardium MMNS specimen 2018-02-14 10-26-49 (C) =
MMNS IP-6817.3 Trachycardium eufaulensis.
Sea pens (Virgulariidae) have a distribution of 7% at the OC site, 36% at the PBL 
site, and 57% at the PBP locality. 
A total of three specimens of Cucullaea capax were identified, all from the OC 
location.
Evidently, this is just a glimpse of the total identified faunal distribution in the 
studied areas. For a complete list of the named and identified organisms of the Prairie 























Various organisms of numerous sizes and growth stages were found to have been 
bioimmured by Exogyra costata. The initial impressions suggest that this bivalve chose 
its substrate randomly, as many different species have been bioimmured by this oyster. 
But a closer look at the data generates a more detailed understanding of the 
bioimmuration process of Cretaceous Exogyra specimens from the Prairie Bluff and Owl 
Creek formations of northeastern Mississippi.
Substrate Availability
Several oysters collected from the Prairie Bluff Formation were attached to
mollusk steinkerns (gastropods) as opposed to the actual shell surface.
A total of nine organisms (including Exogyra) were identified by the attachment 
scars visible on the collected specimens. As mentioned, this is just a fraction of all the
organisms that Exogyra would have had the opportunity to attach to during its larval 
stages. Given the fact that Exogyra shells are generally quite thick and robust and 
preserve much better and more frequently than most organisms that were once part of the 
same ecosystem. This leaves some bias in the results of this research, as many organisms 

















The results of the scar size analysis suggest that more small organisms were
present in the Prairie Bluff than in the Owl Creek Formation. One could assume that, 
again, this is biased by the lack of aragonitic shells in the Prairie Bluff, but this argument 
does not stand in this case, because even though the aragonitic shells do not preserve in 
the Prairie Bluff, this unit still shows evidence of these organisms in form of external 
molds. Simply the frequencies at which these types of scars can be found is somewhat, 
but not significantly, lower here than in the Owl Creek Formation. Attachment to narrow, 
cylindrical objects, like serpulids (annelid worms) or sea-pen axis, is not uncommon. 
Several scars showed signs of possible interruption during the development, visible as a 
change in the direction or position of the scar growth. Several instances have been noted 
of where scars are enveloping multiple objects. In those cases, the scar itself reflects
either multiple epibionts (organisms that live on the surface of another living organisms)
supported by a larger substrate (in this case Exogyra), or envelopment of a smaller 
substrate and any of its associated epibionts (see Appendix B, Table B.1., PBL-48). 
The study of attachment scars suggests not only the exact type of substrate 
available for Exogyra, but the absence/presence of certain scars also reveals a lot of 
information regarding the ecology, behavior, and post mortem processes of not only 
Exogyra, but many other shelled organisms.
Attachment to Epifaunal vs. Infaunal Organisms
The benthic lifestyle of certain organisms is different for some than for others. 
Epifaunal organisms live on the seafloor, as opposed to infaunal organism which bury 
themselves into the sediment and live below the surface of the seafloor. Infaunal


















   
  
    
The study shows Exogyra attaching to organisms of all benthic classifications. This could 
have several explanations. Looking at inanimate objects such as pebbles, this 
phenomenon can be explained further. These oysters attach to pebbles that were exposed 
on the seafloor. Therefore, these oysters attach to many objects that are lying out on the 
surface. If an oyster is attached to it, it must have been carried to the surface, or the 
bioimmured organism must have died on the surface. The attachment to steinkerns
(regarded as pebbles) in this sample proves, that objects that have been previously buried 
deeply, can resurface and function as suitable substrate for attaching organisms. 
Hurricanes (very common in the modern Gulf of Mexico) could have stirred up 
sediments, bringing infaunal organisms to the surface. Other explanations include the 
possibility that other mining/boring organisms occasionally aid in bringing shells of other
infaunal organisms to the surface. 
Scar Size
After comparing the overall size of the individual shells of Exogyra with the 
corresponding scar size (see Appendix, Figure A.5), there seem to be notable differences
between the Owl Creek and the Prairie Bluff formations. The overall range area of scar 
sizes at all three localities lies between 0.2mm² and 22mm², apart from four outliers 
(specimens no. PBL-01, PBL-02, PBL-08, and OC-11). Small (<40mm²) to medium
sized (40mm²-70mm²) specimens of the Prairie Bluff Formation cluster around smaller 
scar sizes (<6mm²), whereas the specimens of the Owl Creek Formation are generally 
larger (>70mm²) and exhibit larger scars (>6mm²) (Figure 5.1). To remove any bias, a
second plot based on a logarithmic scale was implemented (Figure 5.2). This decluttered 
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Figure 5.1 Comparison of scar size (surface area) and corresponding shell size
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1 10 100 1,000 10,000 100,000 Surface Area of Left Valve (mm²) 
Figure 5.2 Comparison of scar size (surface area) and corresponding shell size
(surface area) for each locality using a logarithmic scale.
Logarithmic scale (base 10) used to declutter the values and eliminate any bias (modified 
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Figure 5.3 Frequencies of relative scar size of the three localities
Scars are categorized into different classes based on the scar size-shell size ratio.
Modified after George Phillips, MMNS.
The majority of large scars, as well as the overall large shell sizes, originate from
the Owl Creek samples. This coincides with the attachment frequencies at the localities. 
The Prairie Bluff shows mostly Exogyra being attached to other Exogyra, with the 
exception of Gervilliopsis at the Prairie Bluff Landfill site.
Lack of Attachment
After analyzing the faunal distribution and the organisms Exogyra attached to the
collected samples, it is apparent that this bivalve mollusk did not just attach to any 
substrate randomly. Many species that are found within faunal distribution of the study 











   
  
   





of attachment on every species found in the two formations would exceed the scope of 
this research, only examples for the most obvious groups will be taken into consideration. 
Many animals that lived on the seafloor, such as spatangoid echinoids, 
brachiopods, or gastropods of the Family Naticidae, were burrowers. As such, they were 
not exposed to the immediate surface of the seafloor and if they were dying in their
burrows, their shells would have simply not been available as suitable substrates for 
Exogyra larvae. 
As the oyster larvae developed, certain behavior was triggered by environmental 
cues. Although it is not entirely clear how exactly the oyster larvae determined the most
suitable substrate, they seemed to avoid certain substrates for attachment. For instance, 
the studied Upper Cretaceous oysters are seldom found attached to crustaceans, with a 
few exceptions (Bishop, 1981b). They may have “sensed,” via certain chemical cues, that 
the chitinous exoskeleton of a crustacean would decay prior to the oyster growing to a
sufficient size where it no longer depends on the attachment to a solid, stable mass. 
Deceased rudists should make an excellent substrate for attachment, as they are large,
live epifaunally, and show a great abundance in Upper Cretaceous facies in Mississippi 
and Alabama. Nonetheless, these organisms have not been encountered at any of the 
study sites. 
Other factors that must be considered are preservational artifacts. Aragonitic 
shells, such as those constructed by Turritella, are not preserved in the Prairie Bluff
Formation. In the Owl Creek, individual Turritella shells can be found, and those which 
were bioimmured by Exogyra, often leave behind at least part of their shell still attached 





















The faunal list of Sohl and Koch (1983) (Appendix B, Table B.2), showing total 
mollusk diversities of 177 species for the Owl Creek (collected from five localities), 66 
species for the Prairie Bluff Houston vicinity (four localities), and the Prairie Bluff
Starkville vicinity (eight localities), is strongly biased by preservational artifacts. These
artifacts include the absence of preservation of aragonitic shells at the Prairie Bluff
locations.
An important aspect that must be taken into consideration is the degree of erosion
of the shell. The attachment site itself (usually the umbo region) is often too eroded to 
allow substrate determination. In other cases, even if the scar is well developed and 
relatively large, the skill-level and experience of the investigator might not be sufficient. 
The base of the Prairie Bluff Formation is the beginning of a transgression (sea level rise)
and shells are exposed for a relatively long period of time (geologically speaking) and are 
therefore subject to greater degradation.  
Thin shelled bivalves were not encountered as scar impressions. If a small
Exogyra larvae attached to a small mollusk, the growing oyster likely overgrew this 
substrate at a relatively fast rate, causing the scar to be inaccessible.  
Future Research
The created database will be accessible to other researchers and should act as a 
reference guide for further studies. It will constantly evolve and guide others in this field 
of study. 
This research should just be the beginning and, ideally, will be extended to a 
















under researched and there are ample opportunities for further studies in the field of 
bioimmuration in other regions and lithologies.
Larger sample sizes for research like this could also help in eliminating any bias 
and errors in the interpretation of the data. This study was just a fraction of what is 
possible and hopefully future research will uncover more, previously unknown,
paleontological and geological features of this area. Nonetheless, this study acts as a 
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Figure A.1 Plates of specimens and bioimmured organisms.
A-B.:Attachment scar on Exogyra caused by Turitella (top), internal molds, aragonitic
shell fragments still attached on right specimen. C. Internal mold of Turitella with clay
cast. D. Internal mold of Turitella with clay cast and overlain Turitella shell. E-F. 
Example of Exogyra attached to a steinkern (Pyropsis). G. small Exogyra with 
attachment scar caused by Gorgonia H-I. Examples of Exogyra attaching to another 
Exogyra. J. Encrusting worm (Polychaeta sp.) on outside of Exogyra shell K. Multiple 
smaller oysters attached to bigger Exogyra shell. L Encrusting Polychaeta sp. on inside of 
Exogyra shell. M. Scar caused by large Gervilliopsis shell. N. Overlain Gervilliopsis





     
     
     














   
 




Figure A.2 Diagram of shell dimensions as named in Table B.1, Appendix B.
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Figure A.3 Basic diagram of Exogyra costata
A. Bottom view of Exogyra costata showing right valve. B. Top view of Exogyra costata
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Figure A.4 Exogyra shells laid out to dry at the MMNS laboratory.
All the collected specimens laid out on paper to dry from the cleaning process at the 
Natural Science Museum in Jackson, MS. A. Specimens from the Owl Creek study site. 
B. Specimens from the Prairie Bluff Landfill locality. C. Specimens from the Prairie 





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   
 
Table B.3 (continued)
Table modified after Sohl and Koch (1983) and George Phillips, MMNS.
81
